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Foreign policy behavior Is viewed es being generated by adaptive national 

systems, and a language appropriate to this focus Is Introduced. The concepts 

surrounding Simon's notion of an "artificial" system provide one such vocabulary. 

Artificial systems .-ay be thought of as a subset of general systems end are 

characterised by such concepts as "goals", "Inner environments'*, "outer environ- 

ments", an-. Interfaces." An adapti t  national system Is then defined as a 

eOvemmenc (I.E.) attempting to achieve goals (maintain state variables within 

specified limits) In an O.E. consisting of (at one level of dlsaggregatlon) the 

4domestic environment and the international system. Several additional components 

of adaptive systems are mentioned and some of their Implications for national 
» 
systems are discussed. The definition of an adaptive system Is employed to prove 

the Impossibility of c universal adaptor and this result Is used to suggest that 

O.E.'s be classified as to their complexity with respect to a given I.E. (national 

system). An Illustrative proposition Is derived utilizing this approach. 
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I. 

Section I:  Introduction 

For quit« torn»  tiic now, biologists have us«d the concept of an 

"edeptive" syst«m in explaining both macro end micro level biological 

changes. Very loosely, (end we will be more precise further on) an 

adaptive system is one which maneges to change either itself or its 

environmant In such a »My as to "get along." Thus, for exeinpU, we 

ere tr-ld that dinosaurs became extinct because they fei led to adapt to 

their environment, whereas man is unique in his ability to acapt to a 

wide range of environments. More ebstractly, biologists distinguish 

betveen organisms which adapt to a very specific environmental niche 

end thos'i which echleve e more general level of adaptation. The niche 

adapted organism is very unlikely to survive If his environment is 

changed in the least bit, while the more generally adapted organism is 

able to toleiate fairly wide environmental changes. 

Many social scientists have thought it might prove helpful to view 

social phenomena from the perspective of edaptive behavior. Recently 

several students of foreign policy have suggested that the biologist's 

conception of an adaptive '«ystem could be useful In analyzing foreign 

policy behaviors. That is, the hope seems to be in that there is some 

theory of adaptive biologicel systems, T., which has a model, Nj, which 

is isomorphic tc a model, Hj, for e theory of national foreign behavior, 

Tj. If M, and Mj are isomorphic, then by the law of deduction (Tarski, 

1965:125) the existing of propositions of Tj cen be trensleted Into 

propositions of Tj, the :heory of foreign policy behavior. As en almost 

-■ fiieiiii — 



mm f mm _^. 

■* 

2. 

tnvidlMMpI«. the »entence of T, (the biologic«! theory) which read 

"A nlch« adapted organism whose environment it changed will fall to 

•urvlve" might become in T2 (tl^ foreign policy theory) "A national 

system which hat achieved a high degree of accurate foreign policy re- 

sponse of election for only a very specific international environment, 

will fail to survive In a changed international environment." As 

evidence for the proposition in T,, the biologist might point to the 

rapidly disappearing r.idley turtle (whose nesting beaches are being 

altered) while as evidence for the proposition in Tj, the political 

scientist might took at the Greek city-states. This hope comes through 

fairly clearly in the work of several political scientists. For exanple, 

Rosenau (1967) sees the outstanding characteristic of adaptation theory 

as being its focus on the interaction between system and environment. 

"The subject matter of the foreign policy analyst Is distinctive be- 

cause Mi prime focus is the association between variations In the national 

actor and variations in its environment." Since 196? Rosenau has dona 

considerable work to de el op his adaptation paradigm. HcGowen (1970) has 

taken rome of these notions and attempted to formalize them in e methe- 

maticai theory from which some of the consequences of edaptation theory 

can be examined empirically. 

Perhaps tne best way to explicate the Rosenau-McGowan approach is 

to quote et some length from HcGowen (1970): 

In his most recent elaboration of the edaptation paradigm 
Rosenau argues as follows: First: 'considerable Insight' 
can be gained from viewing national societies, like ? cell 
or an organism, 'as entities that must adapt to their environ- 

> 
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rwnts tu survive and prosper. That i&, if ar, entity is to 
maintain the boundaries that separata it from other entit:es, 
it must act toward the other entities in such a way to 

A        keep its essential structures intact (Roseneu, 1970, 
p. 2).' Second, for national societies, 'adaptetion means 
tiat fluctuations in the basic interaction patterns that 

*        sustain its social, economic, and political life must be 
kept within limits minimally acceptable to its members 
(Rosenau, 1970, p. 2).* Third, since there can be consid- 
erable disagreement over what are acceptable limits of 
variation in the performance of a society's economy or 
polity, the polities of national adaptation is infused with 
'en intensity and drama unknown to other entities' end 
processes (Rosenau, 1970, p. 2). Fourth, the performance 
of essential societal structures is conditioned by external 
change, internal societal change, end the society's 
response to these two stimuli (Rosenau, 1970, p. 2). AM 
fifth, given that any society's external environment is a 
basic source of variation in its essential structures, 
'the need for foreign policy arises...out of the fact that 
the essential structures cannot be kept within acceptable 
limits unless Some kind of behavior is undertaken toward 
the environment (Rosenau, 1970, p. 3). 

As Rosenau has pointed out, there is interest in the interactions 

a national political actor and its environment; that is, with the net ion 

end its international environment.  In terms of the familiar black box 

diagram of Figure I, it would look like this: 

^ 
Input 

nation 

state 
•V' tnvi ronment 

output 

Figure I 

to have a system, however, wore information must i.e provided than is 

contained in Figure I. There must be a specification of the elements« 

which comprise the system.  In the case of e national political system, this 



I 

I». 

this Is clMrly no «asy task and is one to which many social sciantists 

hava devoted much of their attention.  Both Rosanau and HcGowan 

recognize r .;» problem and attempt to answer it by  positing essential 

societal structures. Rosenau (1970) suggests four such »tructuras: 

(1) "..the patterns whereby the life and property of societies 
are preserved and protected..." 

(2) "...the patterns whereby...their policy decisions (are) 
made and impiainantad..« 

(3) "...the patterns whereby...their goals and services (are) 
acquired and distributed..." 

(k)    "...the patterns whereby...their members' cooperation 
(is) achieved end maintained..." 

McGowan (1970) identifies five essential structures: 

(1) The boundary of the society 

(2) The society's economic system 

(3) The polity of the society 

O») The culturr of the society 

(5) The tnteqratlya system of the society 

Both writers argue that any foreign policy that fails to keep 

these structures within acceptable limits is maladaptive. Unfortunately, 

neither of the two sets of essential structures Is defined In such a way 

that makes their measurement clear.  Indaad, In HcGowan's case the essen- 

tial structures ere analytic properties of any existing i.ational system. 

Thus, as variables they ere either present or not present, and If any 

are not present, the system by definition no longer "exists." A 

— I 11 Mil imm -_  - 
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foreign policy which result« in any of the essential structures not 

oelng present is termed meledeptive. This of course is equivalent to 

seylng that any foreign policy which results in the destrjctlon of 

nation-state is meledeptive. 

There is nothing wrong with this from the vantage of generel adap- 

tation theory; however, from the standpoint of poilticnl theory HcGowen's 

notion of acceptable limits is fer too broed. For example, how should 

United States' involve.-en,, in Indochina be distinguished from her help 

I« rebuilding Europe ef:er World Wer II? The im»ects of these two 

policies on the U.S. polltlrel system were very different; yet. In 

HcGowen's sense, both ere sdeptive because neither resulted in the 

downfell of the United Stetes.  It would seem that any conception of 

the elements of the system ought be capeble of reflecting these dif- 

ferent injects. 

Roseneu is not so specific as hcGowan on what ranges his essentiel 

structures cen tolerete. He does suggest that the overall adaptation 

of a society can be measured by its least well adapted structure as 

weil as hew some of  those structures might be measured. Roseneu argues 

that the structures can take on values over a fairly wide range. An 

example is the political structure. Here Rcseneu focuses upon huw much 

control e national system has over its own policies. As this control 

decreases, says Rosenau, so do the bounderIes between *he national and 

international systems begin to marge. Policies which result in decreasing 

this control are 'ess adaptive than those which do not. 

\ 
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The probUm with this sort of notion i» that without carefully 

Stating the "acceptable limits." it is impossible to label the results 

of e given policy "adaptive." For example, was the Egyptian reliance 

upon Soviet military assistance adaptive for Egypt or rot? 

Apart from the empirical p.oblem of measurement and the conceptual 

problem of specifying limits, a further conceptual problem has arisen. 

In the preceding discussion "adaptive" has been used In two ways. First, 

mention was mads of an adaptive political system. Second, certain 

foreign policy behaviors Mere said to be adaptive or maladaptive. Al- 

though et first glance these uses may appear the same, they are not. 

An adaptive system may at times behave maladaptivaly. This distinction 

Mill become more clear as some of the concepts of adaptetion theory are 

defined more rigorously; for the present an exanple Mill have to suft'lce. 

Some psychologists via« earning as an adaptive process. That is, 

people learn in order to reduce certein basic drives (HuM, 19^3). 

Learning, however, does not generally take place ell et once; errors 

are made along the May. Some of these errors may, in fact, increase 

the drives rather than reduce them.  In fact, no matter what limits are 

put on drive levels, there cen always exist an error which might increase 

drives beyond these limits. That is, even »hough the learning system 

is conceptualized as being adaptive, it may still behave maladaptlvely. 

The distinction Just illustrated unfortunately does not seem to be 

consistently made by McGouan. Yet It it of importance to h» the 

structures generating foreign policy are corceptuallzed. For it Is 
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requi'-ed that the foreign policies of a nation always be adaptive if the 

nation is to continue to exist (as McGowan seemr to), something very 

much different is beinc* said than simply to say foreign policy behaviors 

result from adaptive systems. 

Already it seems the limits of the common sense vocabulary assoc- 

iated with adaptation theory have been reached. In order to 90 further 

the vocabulary must be developed more rigorously. 

Taking the adaptation view seriously requires c^ng beyond a simple 

common sense intuitive understanding of what is meant by the terms in- 

volved. A useful way of accomplishing this is to first introduce some 

basic systems concepts and then move to an explication of Simon's (1969) 

notion of an "artificial" system. As will be seen, the artificial system's 

framework fits in very nicely with Rosenau's emphasis upon the relation 

between the national actor and its environment. 

1 
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Section II: Basic Systems Concepts 

A government can <e viewed as a system attempting to act '.ve goals 

in two linked envirwnmentS'-tha government's nationel system and the 

international system. This view of government as a goal seeker inme- 

dlataly suggests some sort of cybernetic approach to the study of 

foreign policy. Great care, however, must be exercised in how cybernetics 

is applied to avoid concentrating upon a "conventional" sort of equilib- 

rium ("equilibrium" will be defined more rigorously further on) and ignoring the 

dynamic characteristics of national adaptation. 

The reeson the adoption of a cybernetics approach so often leads 

to conventional equilibrium type analysis Is that mucn of the work In 

cybernetics has dealt with what are known variously as negative feed- 

back or deviation counteracting systems. The essential ettrlbute of 

these systems is that, when disturbed, they behave in such e way as to 

minimize the effect of the disturbance. An exanpla of a negetive feed- 

back system is the position that if you increase the income of lower 

class persons, they will only have more children end, as a result, their 

overall economic position will not be changed. The following directed 

signed greph illvstraies this belief structure: 

/ I Economic Position 

/ I  

Number of Children 

Figure 2 

^ — 
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Th« positiv« «rrOM linkirq •conomic position with number of children indi- 

cates that an Incraas« in a family'$ economic position will rat.It in 

increasing the number of their children  The negative arrow designates 

that an increase In the nunher of rhJldren will decrease the overall 

economic position of the family. The arrow leading back to "«conomic 

position" has a minus sign, hanre the name negative feedback system 

Systems such as that in Figur« 2 will generally t«nd tonard an equilib- 

rium state. The aquilibriu* values will depend upon th« t.iltl«) value» 

aid the sixa of the disturbance. 

A graph such as Figur« 2 may be termed a non-numerical structure. 

It is non-nun», ical in that the correspondence between the empirical 

referents (economic position and number of children) end the objects In 

the structure (the directed sign graph) preserve order rela* ions but 

not megnitudes. Nothing is said about how many more children should 

acconpany an increase of & dollars in income. It does» how«v«r, t«ll 

whether increasing income augments or inhibits th« number of children 

in the family. 

Evan a casual glance at the cybernetics literature will reveal that 

much of the work is directed toward the analysis and design of highly 

sophisticated negative feedback mechenisms.  In cybernetics, feedback 

is often used to indicate the discrepancy between the intended results 

and actual results of a given behavior. Generally the desire is to mini' 

mixe the difference between intent and action and, as a result, an 

emphasis is placed upon th« design of negative feedback systems. 

Mmmamn mrnrn 
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Many aspects of social   phanonenon,  aucli at crow*h and patterned 

adaptive cliariga,  IxMa/ar, may of tan bast la    lewad as positiv« faadbac!. 

machanlsms.    Th« discussion by Coombs, at al.     (I97C) of the  relation be- 

tween  tl« quality of faculty  Jn an academic  Institution and t« quality 

of graduate students  I., that   Institution  Is  Illustrativ« of this poli.t. 

High quality faculty attracts higi. quality rraduata students who in 

turn attract mcr« hit,, quality faculty.    Or: 

.     Qua!ity of Faculty 

•/  

| Quality of Graduate Students 

Figur« 3 

Figur« 3 provides an example of a positive f««db*ck structur«. As can 

b« s««n, positiv« f««dl>«cU loops augment Initial disturbances. 

Sine« th« diff«r«..c«s between positive and n«g«tiv« feedback systems 

«r« of some importance, it will ba MortM.llfl to develop a numerical 

thaory of tlm sy5t«m sl.own In figur« 2. For «cononic position (£) end 

numbor of children (C), the follow'ng difference equations can be written with the 

subscript referring to t..a time increment Involved: 

(I)  C )- C  If and only If E  ^E 
t-l t-l t-2 

" C. .* (E .* E J   ,f •nd on'V ^ E  >E t-,   *'*      ^ t-f- t-2 

(2) E   - E   - (C   - C  ) 
t     t-l    t-!   t-2 

„,_  
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Her« «quatlons (I) and (2) toll that increasing * family'» aconomic posi- 

tion ona unit at time t will result in incraasing tha («Mbar of their 

children by ona at time t ♦ I. Table I shows tha ras'jlts for four time 

period» of a family which begins with no children and whose aconomic 

position goes from I at time I to t at tine t. 

Tabla I 

1 
■ 

1 1 0 
2 2 0 
3 2 1 
k i 1 
5 1 1 

By time 4 tha system has  reached an equilibrium position of E -  I  and 

C • I.    Suppose now at time 6 a policy is instituted giving tha family 

an increase in aconomic position to 3  (E - 3).    Tabla 2 givas Ut results: 

Table 2 

i 

6 3 1 
7 3 3 
8 1 3 
9 I 3 

Tha purpcse of tha axanpla is not, of course, to claim that incraasing 

a family's aconomic position by two units in ona time pariod will result 

in their having twins tha next pariod. Rather, tha example was intended 

to demonstrate tha over-time behavior exhibited by negative feedback 

systems and to show that attaopls to look at political systems as negative 

feedback systems will often load to viewing them ir »arms of their 

equilibrium positions. 
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Th« ciaiu .*i  nwde «arlitr that.a vovrnmot*  could b« viewed as a 

con^omnt  of mn artificial ty$(r-« «ttMnpting to achieve goals In two 

Hnkad environments,  in ordar to expl irate this, It will be necessary 

to discuss in some detail concepts Such as system, goats, goal achieve- 

ment, anvironmants, and the ways in which environments car. be linke««, 

^nca these concepts are wall understood, a framework can be built from 

which to view political adaptation and change. At first, the discussion 

of empirically "awpty" concepts may seem a rathar sterile exercise; how- 

aver, unless the basic »trüemal and manipulative concepts are well in 

mind, the empirical interpretation which follows will be difficult, If 

not inpossibla, to evaluate. 

h  system may be defined as a set of objects together with the 

relations defined upon them. Thus a system is Identical to a mathe- 

matical structure. The object is the basic building block of the systam. 

Figure 2 describes a two object, two relation system. Th« objects are 

economic position (E) and ncmbar of children X)  and the relations are 

augmentation from E to C and Inhibition from C to £.  If the du menta- 

tion relation is denoted ar R^ aad the Inhibition relations as R,. the 

systam (mathematical structure) £t Figure 2 looks as follows: 

$:   <E, C; ER^C, CR_E ) 

Note the objects of S are listed first and then the relations obtaining 

between them. 

Consider now a system described by equations (I) and (2j? 

S*:   < Et, Ct; EI^C, CR*E > 

i 
». ■MMBM. _*•». I    I IIIJIMI—i<M 
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The ttat« of the »ystem at a point in tiina is »imply the value of 

•ach object in the tystom at that pc.nr. Thus from Tabl J 2, the state of 

5* at time 6 i» (E - 3, C - I). 

Most phcnomon., are not completely closed oft from other p'.anon«na; 

that is, there are Interactions among phenomena. When a sysi^n is 

abstracted from such a phenomenon, it is gener . iy ce'led an open system, 

reflecting the feet that the system receives some sorts of Inputs from 

the outside. Host all systems not only receive inputs, but they also 

have some May oi sending outputs to the outside. This type of open 

system is the one depicted in the "black box" diagram of Figure I. 

Here system 3 receives input u end sends output y. Th.it which is external 

to the system is often called the system's em'.uMMt. 

A question of considerable interest to systems theorists Is 

whether the system has an equilibrium point and, if It has, if the 

equilibrium Is stable. A system state is said to be an equilibrium 

state if it Is a state from which the system does not move unless It 

receives some external shock from its environment. Environmental 

shock here refers to some change in the env ronment which does not result 

from a chai>)e In the system.  If a shock moves the system away from its 

equilibrium state and the system eventually moves back to equilibrium, 

then the equilibrium is said to be a stable ^ne. A distinction is 

often madu between two sorts of stability. The first Is called asymptotic 

stability. Here if the shock does not move the system outside of some 

region about the equilibrium point« the system wi 11 return to equilibrium. 

mm ~~.~..—„ 
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Thl« region I» refarred to a» the region of onY^totlc »tability. On 

the other hand, 't ney b« that no matter where the systam is moved, 

it will return to ti^e equilibriu« »täte. Thl« property is called global 

stability. A system which is globably stable has its entire state space 

as a region of asynptotic stability. 

Oftentimes because of msasuremant problems or a lack of conceptua} 

precision it is iepossible to determine whether or not a system is 

"really" in the sam state. To help avoid these problems the definition 

of an equilibrium state can be relaxed by allowing each element a slight 

bit of variation resulting in a »one of aqulllbrium. Each state in 

this «one is not exactly the same as every other but they are. In a 

strictly defined sense, very close. As long as the system is In a 

state contained In this «one. It cen be said to be in an equilibrium 

state. 

An exanple might make this more deer. Imagine a system obstructed 

from a human being conposed of his body temnerature, pulse, and respira- 

tion rate. The systam can then be thought of as a triple <T, P, R"). 

A person whose tenperature is 98.6, pulse Is 100 beats per minute, and 

respiration rate Is IS breaths per minute can be represented by <98.6, 

100, I5>. After making many observations It is nottd that all three 

of these variables normally fluctuate a bit but tend to remain within 

certain limits. Suppose these limits are as follows: 
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Variables 

T 

P 

R 

Normal Range 

97 0 - 99.^ 

85 - 115 

12 - 13 

By appropriately defining a zone of equilibria, the system <T, P, R> 

can be said to be at equilibrium as long as each element is somewhere 

in its normal range. 

After watching hunan beings a whi.e longer, it might be decided to 

add a few more elements to the system: say blood pressure (B), output 

of the sweat glands (S), and behavioral activation level (A).  If the 

states of this new system U, P. R. S, t,  A,) were measured and recorded 

at closely spaced intervals and over a long period of time, it might be 

noted that whenever one of the variables moved outside o* Its normal 

limit», others would also move and the system would event-ally return 

to equilibrium. Thus, for example. If the body temperature were to 

rise, the sweat glands might increase their output, cool off the body 

and the system would move back to Its equiUbrlun region.  In general, 

the system remains at equilibrium nnd the equllibrlun .s a stable one. 

The sequence of outputs generated by a system is called its behavior. 

A goal or objective for a numerical system is a specification of the 

set of desired system states.  In the example, a pH might be any 

system itate where T is between 97.0 and S5.U, C5iP<ll5, and 

I21.R<I8. The terms goal and objective will be used interchangeably. 

■^ " 
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It It important to recall that from the way lyctan has bean defined— 

a sat of object» together with the relativ« defin*j upon the.-; -it Mould 

oe meaningless to talk about structureless systems. What is viewed as 

structure end what is not is« of course, d pende.it upon how -he system 

of study is conceptualited. For exanple, Toda and Shuford (1965) ask: 

"When one cuts his finger wim a knife, quite e number of tissue cells 

are ruined. Does this «wan a cMnge in the structure of this person?41 

The answer to their question is yes and no. if the objects of the 

perso«. are seid to be cells, thon clearly there fs a structure change. 

However, if the objects are more macroscopic body parts such as fingers, 

then cutting the finger s l np I > changes the finger's state but does not 

change the structure of the *ystem. A system is a mathematical structure 

and its elements and relations must be specified precisely if it Is to 

he discussed meaningfully. 

As will be shown, clear system specification is of crucial impor- 

tance to anyone doing empirical comparative research. First, however, 

one more concept-*that of a parameter—needs to be introduced at this 

point. Given a system, any element not included in it is a parameter. 

Some parameters may have DO effect upon o system, othe-s may havo an effect 

only under certain conditions, and still others may have a very direct 

effect at all times. A more precise understanding of whet is meant by 

a parameter should come from die exmnple about to be presented. 

Brunner (1970) provides a very nice discussion of some of the prob- 

lems involved in do ng comparative research when the systems involved 

are not well specified. 

i  i 

■ ■ii 
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The theory uMd  in this «xanpU wlM ** otm hasW upo.> tMualson 

(1939).    Th« objects in the »ysten being theorized anout are: 

S   • overaH Mtitfaction Jev*-! of the peop'e in a  liven nation 
1       at  time t 

P    ■ performanc« of the private sector of the nation at time t 

6t • perforaance of the government of the notion at time t 

These objects (variables) can be related as follows: 

(3)   l>t-WVl 

(U)   tt - •(Pt - Pj.,) 

(5)    $t • Pt ♦ 6t whsreiXand B >   0 

(3) states that private sector performance will be proport.'onal to the 

preceding period's level of overall  satisfaction.    Equation 0») tells 

that government performance Mill be proportional to the change in private 

sector performance from this period to the preceding period.    Finally, 

(5)  Is a simple accounting equation defining overall satisfaction to 

be the sum of government performance and private sector performance. 

Throughout this analysis It will be assumed that S, P, and G are measured 

in conparabie units. 

Figure k illustrates the structure of this set of equations.    The 

single arrows signify no tlm» advance and the double nrrows indicate 

a tlm» advance of one unit. 

-—        .  
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Figure k 

Th« state variables of the structure are 6, P, and S and the re'ations 

omong these ««-ate variables are depicted In Figure k.    The parak^eton 

which direr*ly offect the structure of Pis re 3 arey, B. and t. They 

are not Induced In "he structural diagram of the equations. 

Imagine four nailorui systems (Np N2, N  N, ) each of which Is 

described by equations (3) - (5) but differ in their values of the 

parameters 0< and B. In Nj.cK- ,8; and B - 1.5; In <_, ^" .8 and 8 - 3.0; in 

N . '*.*  .5 and B - 0; and in ^»C^a .5 and B - 1.0. The Initial value 

(t ■ I) of P and G Is 0 In all four systems and the initial value 

(t ■ i) of S is I In all the systems. Equations 3» *♦» and 5 can be 

programmed on a computer and by substituting the appropriate values for 

and B, the states of each system for different values of t sen be 

generated. Figure 5a shows the results of these runs. 

As can be seen, each system exhibits very different behavior. The 

element« In rL and N^ all go to an equilibrium state of 0, 0, 0; 

i 
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S 

though those in N appi -.n it directly *hi»e those in N^ oscillate to 

it. The elemnts of N. irl.^ through increasing oscillations and those 

In N increase at a very ra^id rate. TVse extreoely uiverse behaviors 

may be thought of as resulting from the same system. Would a political 

scientist analyzing the dete in Figure 5 with conventional linear 

techniques recognise thn each nation's behavior was generated by the 

seme structure? 

Brunnxr (1970) demonstrates very convincingly that the data 

analysis strategies presently employed by most political scientis.s 

(such as conventional regression analysis) will usually not reveal the 

underlying structure of the system. This will generally be t»*» case 

whether the systems are analysed cross-nationally at a point in tlma 

or Individually as a time series. (See Brunner, 1970, pp. 6-7» for 

a more complete treatmant of these data analysis problems.) 

As considered thus far, this example illustrates several important 

problems facing political analysts. First, :here is the very broad 

data analysis problem. To w">at extent can data—even time series data- 

be used to identify the basic structure of a model for a theory of 

national behavior? Since most analysis strategies cannot be uted to 

distinguish between structure and paromater». It is the responsibility 

of the analyst to impose a basic structure on his observations prior ££ 

doing statistical manipulations. As Cain and Watts (1970, p. 229) 

point out, "Without a theoretical framework to provide order and a 

rationale for the large numbers of variabfas, we have no way of intor- 

 , , _a 
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>JC« 0.800       ! .■ 1 .500 0.800       * -3.000 

T S(T) P(T) G(T) T S(T) p(r) C(T) 

1 1.000 0.000 O.OOC 1 1.000 0.000 0.000 

2 2.000 0.800 1.200 2 3.200 0.800 2.400 

3 2.800 1.600 «.200 3 7.840 2.560 5.280 

k 3.200 2.21*0 O.^CC » 17.W8 6.272 11.136 

5 3.0M) 2.560 O.ivSO 5 36.890 13.926 22.963 

6 2,k^0 2.'«32 -0.192 6 76.267 29.512 46.756 

7 0.832 1.792 -0.960 7 155.521 61.014 94.507 

8 -l.02<* 0.666 -1.690 8 314.625 124.417 190.208 

9 -3.0<«6 -0.819 -2.»27 9 633.549 251.700 381.849 

10 -l>.8** -2.437 -2.427 
II -6.072 -3.091 -2.181 
12 •6.308 -4.858 -1.450 \ 
>3 -5.329 -5.046 -0.283 '. ■ 1.000 
lU -3.088 -4.263 1.175 ^Xr   • 0.500 1 « v w 

is 0.218 -2.471 2.689 

16 U.IU 0.174 3.968 T S(T) Kr) C(T) 

17 8.022 3.314 4.709 
18 11.07** 6.418 4.656 1 1.000 0.000 0.000 

19 12.755 8.859 3.662 2 1.000 0.500 0.500 

20 11.755 10,017 1.737 3 0,500 0.500 0.000 

'S 
■l \, 000 0.250 -0.250 
5 -0.250 0.000 -0.250 

«. - 0.500       £• 0.000 6 -0.25C -0.125 -0.125 
7 -0.125 -0.125 0.000 

T S(T) P(T/ G(T) 8 -0.000 -0.062 0.062 

9 0.062 0.000 0.062 

1.000 0.000 0.000 10 0.062 0.031 0.031 

0.500 0.500 0.000 II 0.031 o.ov 0.000 

0.250 0.250 0.000 12 0.000 o.o!6 -0.016 

0.125 0.125 0.000 13 -0.016 0.000 -0.016 

0.062 0.062 0.000 14 -0.016 -0.008 -0.008 

0.031 0.031 0.000 15 -0.008 -0.008 0.000 

0.016 0.016 0.000 16 -0.000 -0^004 0.004 

0.008 0.008 0.000 17 -0.004 0.000 0.004 

O.OOi* 0.004 0.000 18 0.004 0.002 0.002 

10 0.002 0.002 0.000 19 0.002 0.002 0.000 

|| 0.001 0.001 0.000 20 e.ooo 0.001 -0.001 

12 0.000 0.000 0.000 21 -0.rJ01 0.000 -0.001 

13 0.000 0.000 0.000 22 -0.001 0.000 0.000 

23 
24 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

Figur« 5« 
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J.> 0.800      £ 

"I 

- 1.500 C\  m 0.800    ,& 

2 

• 3.000 

T S(T) P(T) G(T) S(T) P(T) C(T) 

I 1.000 0.000 0.000 1.000 0.000 0.000 
2 0.800 0.800 1.200 0.800 0.300 2.400 
3 O.ttO o.v*o -0.2^0 0.640 0.640 -0.480 
k C.5I2 0.SI2 -0.192 0.512 0.512 -0.384 
5 O.UIO 0.1»! 0 -0.154 0.U10 0.410 -0.307 
6 0.328 0.328 -0.123 0.328 0.328 -0.246 
7 O.'o2 0.262 -0.098 0.26% 0.262 -0.197 
8 0.210 0.210 -0.079 0.210 0.210 -0.157 
9 0.168 0 168 -0.063 0.168 0.168 -0.126 

10 
• 

O.I3<» 
• 

0.1**» 
• 

-0.050 
• 

10 0.134 
• 

0.134 
• 

-0.101 
• 

• 

3i 

• 

O.OOJ 

• 

0.001 

« 

C.OOO 3^» 

• 

0.001 

• 

0.001 

• 

0.000 

35 0.001 0.001 0.000 35 0.001 0.001 0.000 
36 0.000 c.ooo 0.000 36 0.000 0.000 0.000 

37 0.000 0.000 0.000 37 0.000 0.000 0.000 

C(- 0.500 KT- 0.000 

T $(T) P(T) C(T) 

1 1.000 0.000 0.000 
2 0.500 0,500 0.000 

0.250 0.250 0.000 
0.125 0.125 0.000 
0.062 0.062 0.000 
0.031 0.031 0.000 
0.016 0.016 0.000 
o.ooe 0.008 0.000 
0.004 0.004 0.000 
0.002 0.002 0.000 
0.001 0.001 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.090 0.000 0.000 

cC- 0.500 

r        $(T) 

/6 - i.ooo 

P(T) G(T) 

I 1.000 0.000 0.000 
2 0.500 0.500 0.500 
3 0.250 0.250 -o.^o 
4 0.125 0.125 -0,125 
5 0.062 0.062 •0.062 
6 0,031 0.041 -0.031 
7 0.016 0.016 -0.016 

8 0.008 0.008 -0.008 

,? 0.004 0.004 -0.0C4 
0.002 0.002 -0.002 

11 0.001 0.001 -0.001 
12 0.000 0.000 0.000 
13 0.000 0.000 0.000 
III 0.000 0.000 0,000 

Figur« 5b 
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prating the statistical results." Regression analysis is properly used 

to estimate population parameters only when the structure of the model 

elements are already specified. This specification of structure must 

precede the application of parameter estimation techniques. 

A second problem is the very subtle distinction between structural 

differences and state differences. The various behaviors of the four 

inaginary nations a»! resulted from the same basic structure. In 

positing systems it Is this structure which must be isolated, and, in 

doing so, care must be exercised not to assume fallaciously that because 

two nations pass through very different states (e.g., exhibit very 

different behaviors) they must be modeled by different structures. It 

may, of course, be that different structures are appropriate, but this 

will not necessarily be the case. 

With the structure of Figure k end the parameter values specified 

in Figure 5, it has been shown that the same structure can result In 

very different over-time tehavior. Suppose now the theory is changed 

by making aquatic .1 (5) read: 

(5') $t - Pt 

Equation (5') asserts that overall satisfaction will simply be equal 

to private sertor performance and that the government performance has 

no effect upon satisfaction. The result of this structural change is 

to push the four elements of N., N2t N , and N. to an equilibrium 

position of ;o, 0, 0> . The over-time behaviors of each of these 

systems can be seen in Figure 5b. Though all four systems end up In 

- -^ 
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th« MM »täte, their behavior peths In qetting there ere egein different. 

In thlt CAM, Che theory change did not effect the equilibrium positions 

of Nj, end Nf,, even though it did effect the sequence of stetes N^ 

pessed through in getting to equilibrium. Chenging the theory with 

equation (5') deannstretes how inedequete e cherecterizetlon of ystem 

behavior I» the conventional concept of equilibrium. Simply knowing 

that two systems have the seme equilibrium point gives very II tie infor- 

mation about whether they ere isomorpMc. Nj, it will be rece led* 

behaved exactly the seme before end after the structure change. The 

systems in Figure 5« were isomorphlc yet two went to equilibrium end 

two did not. 

Further, interest will often be centered upon what stetes e system 

passes through in getting to equilibrium. A give« policy (sequence of 

outputs of the I.E.), for example, which would move the overall system 

to e desired equilibrium point might be rejected If It was known thet 

getting to thet point enteiled the system's going through some highly 

undesireble stetes. Specifically, while equations (5) end (5*) will 

be behavioral ly indistinguishable when G (or- ) is equal to zero, very 

different policies will be recommended if the level of setisfection Is 

e function of the government's performance (although observed government 

performance is equal to zero) then if setisfection Is unrcleted to 

government performance. 

-.-■ 
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Section III: Artificial Sysiom» and Adaptlv« Systems 

Having daflnad a system. It Is possible to move to a discussion of 

a specific sub-dasi of •ystans—artificial systems. While the distinc- 

tion between "artificial" and "natural" systems I» not always clear, 

the basic idaa It that artificial systems ara directed to human goal» 

whereas natural ones may not be.  Simon (1969, pp. 5» 6) suggests four 

criteria for taparating the artificial from .ha natural: 

"I. Artificial things ara synthesized (though not always or 
usually with full forethought) by man. 

2. Artificial things may Imitate appearances In natural . 
things while lacking, in one or many respects, the 
reality of the latter. 

3. Artificial things may be characterized in terms of 
functions, goals, adaptation. 

k. Artificial things ara often discussed, particularly whan 
they are being designed. In terms of Inperativas as wail 
as dcscriptlves." 

Thus, for example, a forest would be a natural system while a farm would 

be an artificial system. 

We can talk aboct artificial syitams as having an Inner environment 

(I.E.) attMBpting to achieve some goal(s) in an outer environment (O.E.). 

The hookup between the I.E. and the O.E. is called the Interface. Bailey 

and Holt (1971) break the Interface into two parts and put the I.E. 

end O.E. into a control theoretic structure as in the following figure: 

—. 
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«     1 Inner Environment 
(Controller) 

1 

x 1" 

I-               «T 

Access 
Interface 

2 Image of O.E. Observation 
Interface 

Outer Environment 
(Process) 

*" 

Figure ^ 

Figure 6 Is very general, but does illustrate the edditional structure 

cornion to all artificial systems. 

The easiast May to describe the scope of this diagram is through a 

very si«?la exenpie.    Ut the Inner environment  (t.E.) be • country's 

government and the outer environment (0,E.) be the economic syst^ of 

that country.    Supposa further that the government's goal  is to ramain 

in power and that It "believes" It can do so only by keeping the economic 

system in a certain spaclflsd set of accapteble stetes.    The stata of 

the O.E.  Is represented by the vector & and might  include such things 

as aaeh citizen's income, all salos transactions, «nd other such 

elements. 

The government must hava some way of obsarving Ä so that It can 

know whether the economy is in en ec-eptable state end yet it could not 

observe aach and every sales transition, etc. directly nor, even If It 

, 
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could get It, Mould It be able to process the Inforwotlon. The probleot 

of observing the O.E. I« represented In Figure 6 by the observation 

interfa-.e.  The observetion interface My bo thought of as the I.E.'s 

sensing device In the O.C. In the case of our exMple, the government 

«Ight set up various ogencles to collect economic data. Since, In this 

example, x would contain way too much Information, the I.E. incorporates 

Into the observetion Interface en Indicator system. Thus Instead of 

hrvlng & at an Input, the I.E. receives x» The vector x "Ight Include . 

such Indicators as GNP and unenployment rates.  In some cases l and ^ 

Mill be equivalent. Most often, however, chls Mill not be the case and 

It Is Important that the notation reflect this possible distinction. 

Upon receiving %,  the I.E. must evaluate It to determine what 

sort of policy It Indicated. This evaluation may be thought of as taking 

place In the I.E.'s Image of the O.E. In our example the image might 

consist of a Walraslen equilibrium model of the economy. Generally, 

this Image Mill, at least In part, contain «"ha elements of x. In 

this May x can be usad to set the "state" of the image and various 

policy alternatives (g) can be put Into the Image to assess their 

differential impacts (*). Generally the ^ producing the most desired 

Rvalue Mill be chosen as the value of a to sand into the O.E. The 

elements of the n vector, to have any Impact, must have some May of 

getting Into the O.E.; that Is, the I.E. must have some access Inter- 

face which Is capable of Implementing u In the O.E. Fiscal and mone- 

tary policy serve es eccesses for the government In the exempie Me 

= 
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hav« b««n discussing.  Tha preceding reth«r crud« illustration suggasts 

tha high dagraa of intarralatlon batMaan tha various alastants—goals, 

I.E., O.C., iaaga, and Intarfacas—of artificial systems. 

With thata concepts it is possible to explicate what ii meant by 

an adaptive system. Before proceeding to the definition, hoMavar, it 

should be nada clear that there Is no "generally accepted" definition 

of ei adaptive sysiem.  indeed there era many competing definitions which 

are inconsistent with eech other. This fact doe» not Imply that most 

or even son» of these definitions a«a 'Wong." It simply means that no 

definition has bean put forward which was so persuasive es to induce 

the ebandonnent of all other competing definitions. 

An adaptive system can be defined as any system which generates 

outputs in such a way as to seek to maintain state veriebles within 

certain limits. Adaptive systems are goal-seeking systems. The goal is 

expressed in torms of desired values of state veriebles. Such systems 

may or may not have equilibrium states. In investigating adaptive 

systems, tha analyst is concerned with the goals of tha systems how, 

if at allk goals can be modified; how outputs ere Judged es successes 

or fei lures; the mechenism through which Information about the environ* 

ment end past system states Is transformed into outputs; end other such 

questions. 

Murphy (1965) has identified several properties of all adaptive 

systems whether they be social, biological, physical, or engineering: 

(1) At any point in time the system can more off in any one 
of a number of directions. 

•'--^—"- ■iiammn II eMeaeameaeuaM ■ -   ■  i  
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(2) Any of thw« «wvw wiM b« follow*! try • chaog« »" ^ 
system and perhaps In tha anvironment. That« changa» 
become a part of tha hlftorlcal raco.-d of tha syatam. 

(3) Evary adaptive »yatam must hava torn  -ort of «kcltlon- 
making function. On tha bails of tha hlstorle.l record 
and an eveluatlon of the effect of each action on the 
present end future stetes of the system, the decls on- 
meklng function c.woses one of the alternetlve ectlons. 

(*) Following the teklng of en action, the system mey or 
may not amleve the anticipated results, üncertelntles 
In the environment or the effect of the action mey 
ceuse the system to move In e direction which wes unin- 

tended. 

(5) If the result wes unfortunate, there Is no recourse. 
The only corrective measure Is to reestablish the 
above sequence of events ell over egeln. 

Cleerly, then e slnple "bleck box" system is not enough to illus- 

trete m edeptlve system. Severel conponents must be In the black 

box before It cen be lebelad edeptlve. First, the system must have con- 

telned some sort'of internal clock so that it can sort out and act .«on 

inputs coming at various times. Thlf clock mey not be the femiliar 

sidereH one meesuring tlms continuously end In constent Intervels. 

The 'time' meesured by the clock Is an inportant problem. For If the 

dynamic aspects of edeptlve (or ma I-adaptive) chenge ere to be studied, 

the enalyst must have In mind a wall-understood view of time. 

The enelysis of time presented here will follow very closely thet 

of T. Windeknecht (IÖ7I). At first this mey appeer needlessly ebstract. 

Hopefully, however, the ebstraction will prove of help in exemining 

political adaptation end change. 

Jte Ml -- 
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A set T t09«ttwr with a function <•• which map« th« c«rt«slan product 

T x T Into TCT x T-^TJ which Mtisfios th« «stoclativ« axiom: 

t ♦ (f ♦ tM) - (t ♦ t') ♦ t" 

for «It t, t', t" belonging to T It known a» a awnigrou). A semigroup 

with an element 0 belonging to T such that! 

t ♦ 0 - 0 ♦ t 

for all t belonging to T it a monoid. 

61van a monoid T, laft division over T it th« ralation on T 

such that: 

t < tV-rtC t") : t" ^ o  t' - t ♦ t"  (f'c-1) 

whar«: 

/ \ K "i* •«* only ",, 

3 <^ = "Thar« «xlttt an X such that" 

A = J,•^, 

E ~ belongs to 

Th« left division relation asser s a tifflpla ordering over th« elements 

of T. 

A tjm« set i» then defined at a mc »id T with th« following three 

prop«rtl««: 

(0 (^t,) Vit2)  : (tj-Ovtj-O) A tj ♦ t - t' ♦ t2 (tj.tj^T) 

(ID t^t-ft^^-^ 

(III) t, ♦ t - o ^t, - o" 

wh«r« 

v S "or" 

= = "implies" 
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Two sets which meet the d«ft«ithai of M-±im. %*t mm the %,•* of 

nonnegative reel numbers (e.g.. I, 2.S. B-^) «ml the set of nonnegative 

integers (e.g., I, 2, 3»...). In both ceses the Identity element is 0 

end the left division relation is that of less then (f) on the positive 

nunbers. 

Why, it might be asked, is there • need to be so formet end abstract 

I« talking »bout time; after ell, does not everyone know what time is? 

There ere several reasons for taking a formal approach. First, as may 

have been noticed, a time set is e system. Exemples have already been 

given of problems which cen arise when the elements end relations of 

a system ere not carefully defined. Since time Is such an important 

concept, care must ba exercised not to fall unknewingly into traps 

sleply by being careless in defining time. Second, work by Arbib (1966) 

end Bel4e|k«rtd Melt (»All) suggests that control theory and automata 

theory are to work together In the seme structure, time must be viewed 

as an ordere > nonoid rather than an ordered group,  (for an example, 

see Windaknecht, (1971), p. 61.) 

Further, looking at time abstractly enables getting outside of 

the Idea of time necessarily being measured in seconds, minutes, hours, 

days, years, end other st ^ units. The wey time has been defined here, 

it is essenteilly en ordering concept in that it gives a Key to "tag" 

different observations In a meaningful way. Albert Einstein wrote of 

time (quoted in Bernett (19^0, p. /*7, 63): "The experiences of ' 

individual appear to us arranged in a series of events; in thl * series 
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th« single events t^ich Me reiiwnbsr appear to be orÖOTd according to 

tha criterion of 'aarliar* and 'latar'. Thara axists, therefore, for 

tha individual, an l-time, or subjective time. Thl« in itMlf is not 

maaaurabla. I (Einttaln) can, indeed, associate numbers with events, in 

»uch a way that a graatar number is associated with tha latar event 

than with an aarliar one. Thl« association I can define by means of a 

clock by comparing the order of event! furnished by the clock with the 

order of the given series of events. We understand by a clock something 

which provides a series of events which can be counted...every referenca 

body (or coordinate system) has its own particular time; unless wa are 

told the reference body to which the statement of time refars» there Is 

no meaning in a statement of the time of an event." Earlier, Gunn 

(1929) argued that a major problem in physics was the confusion between 

physical tlins, mathematical tima, and clock tima. More recently, 

Ornstein (1969) claims that lodern psychology has been held back by 

confusing axparantlal time, clock time and biological time. 

A problem for the student of politics Is to develop a concept of 

tl.ie which Is, In some as yet not well-defined sense, consistent with 

the phenomenon he is studying.  It must be anphasized that there Is no 

1 Pflgfi reason why this conception should be the everyday calendar 

tima generally used by political scientists. Several exanples may help 

to Illustrate this point.  In the United States elections for the House 

of Rcprasantatlvai are held every two years. Great Britain, on the 

other hand, elects 'ts House of Commons at least every flva years or 

.■■■■ini.M. 
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wtwrWMr It It dissolved by th« Prln» HlnliUr.  If th» presence or 

absence of U.S. Congressional elections and British Parliamentary 

•loctloro mf  plotted »gainst calendar time, it might b« concludad 

that in th« U.S, elections art hald vary regularly while In Britain th«y 

are not. Thlt conclusion would be warrantad If by "ragular" Mas maant 

iomething Ilka "evenly spaced in calendar time." For the purpose of 

doing coi^aratlva rasaarch, howavar. this may not ba a dasirabla sansa "of 

"ragular" to usa. Instaad ragular might ba used in a more general 

manner to mean "avanly spaced in a system with rafaranca to that 

system's clock." 

Thlt formal analysis of tima served to suggest the minimum structura 

thought to ba necessary to a tima concept. A question which requires 

much additional thought It that of how to add tubttanca "> thlt ttruc- 

tura In tuch a way at to have a tima concept which seems to tia in 

with political phanomana. Thlt it especially taportant In waking 

inferences to tha ttructuros of tha models of nations from obsarvatlons 

on variables ordered by calendar tima. An explicit conception of tima 

must ba an aspect of tha thaory which suggested tha obs«rvatlons or 

els* t»)ara will ba no appropriate maant of ordering these observation- , 

Independent of tha specific concaptlon of tima which It avantually 

adopted, a dynamic system can ba defined as one which Is directly 

parameterized by tima. Tha government Satisfaction1 theory discussed 

aarllar it an exanple of a dynamic system. By "dlractly paramatarliad" 

It it roughly maant that tha valua of tha tima param«t«r affactt dlractly 

tha values of tha system olements. 

—- - 
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If, «t MS suggested earJitr, many locUl proco»««i «re growth 

procttMS best modeled by positiv« feedback systems, then this together 

with a concept of tine sugo^sts that the kinds of stability notions 

which have been so useful in analyzing dynamic physical systems may have 

vary limited applications in the study of the dynamics of political 

adaptation. The best known exaople of a stable dynamic physical system 

is a marble In a bowl. Whan perturbed (within certain limits) the 

marble will return to Its position at the bottom of the bowl. However, 

political systems may well not be best studied in terms of this notion 

of "point stability." What may be required is a higher order notion 

of stability. A biologist, C. H. Waddington, (1957, p. 32) ins suggested 

the concept of ehrend to refer to e trajectory in a system's stete space 

which acts as an attractor to other trajectories. The notion of chreod 

may be illustrated as follows. 

Imagine e Urge area of land containing several rivers and having 

all the lend belonging to one or another river basin. This arrfngement 

is shown in Figure 7. The Idea of a river basin entails that watar 

falling into basin 1 will, in most cases, eventually end up in river I 

end so on for basins and rivers 2 and 3. Once the water gets into a 

given river bed it will flow the path of the river. Tne only way for 

watar from one basin to get Into the river of another is through some 

unusual outside force such as its being carried in a pail or diverted 

through a canal. Tor water in basin 1, river bed I is a chreod. 

River bad« 2 end 3 are chreods for weter In river basins 2 and 3. 

M^mmm --'— 
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Figur« 7 

In a loo»« sense, 8 chreod it a higher order stability wfvsrein it 

if tha path about which tha »yatam it ttabla rathar than a »pacific 

point. Chroods ara aMantlally "developmental pathways" for the syttam 

of ttudy. Moat of th« formal work which hat baan dona In thl» araa Is 

by th« Franch topologist Ran« Thorn. Thorn (1968, 1970) saas as a funda- 

mental problem tha explanation of tha Stability of a temporal (i.a., 

dynamic) structure in tanas of tha organlxatlon of that structura. 

This probla« can oftan ba resolved by dascrlblng tha process by a 

chraod. 

Certainly Thjm's problam is an important ona for tha political 

seiant ist. How can th« stability of a dynamic political systam ba 

«xplalnad In tanas of tha organization of tha structura of th« model 

of th«t system. Not« h«ra th«t stability means corraspondanc« to 

th« chreod and not lack of violence or point stability. 

I 
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Let  us now return to the  »econd of Hurphy** requirwnsnt» for «n 

•djptive sytten;  that  is,   the system must have son« kind of memory. 

This is necessary if the system is to act,  in pert, on the basis of 

it» historical  record,    lapllad by this It Ashby's requirement that all 

adaptive systems ba faadback systems.    Third, the edaptive system must 

heve a decision rule which can evaluate the past performance and the 

present state to choose among alternative behaviors.    Fourth,   It must 

have some sort of goal or objective.    The goal may be viewed as tatting 

and retaining state variables Mithin certain limits. 

Hopefully, the notion of an adaptive systtr.i is now clear.enough 

to allow examining how tält structure might M general I xad to be rele- 

vant to   the study of foreign policy. 

\ 
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Section IV: Adaptttlv« System «nd Foreign Policy 

Indeed it has already been pointed out that the notion of ewopta- 

tion is not at «11 new in political analysis. Its enphasis upon goal- 

seeking system, meshes nicely with Intuitive faalings about political 

actors. Politicians behave In a manner which is designed to help them 

to meet their goals. Certainly there is no obvious reason a nat.^n's 

behavior cannot be looked at in an analogous fashion. Hanrieder (1967) 

uefines foreign policy as "...the more or less coordinned strategy 

with which institutionally designated decision-makers seek to menlpu- 

lete the international environment." Unless the argument is made that 

these foreign policy manipulations are made willy-nilly and without 

intended direction, It must be thet they are aimed at reechlng some 

goal. 

Clearly If adaptation theory is to be interpreted as an empirical 

theory of foreign policy behavior, the problem of specifying acceptable 

limits on maasureeble state veriables must he resolved. However, with- 

out doing this it is St.II possible to make some qualitative statements 

about how various sorts of adaptive systems might respond to certain 

kinds of environmantal changes by building upon the artificial systems 

fnmework developed earlier. To do this, these constructs must be 

Interpreted In a way helpful to the student of politics. For example, 

It Is not very enlightening to siwply relabel an I.E. as the go.ernment 

unless there exists an appropriate vocabulary with which to discuss 

governments. n'4>propriaten here reters to the necessity for the 

i 
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vocabulary to fit with both social science results and the artificial 

systems fremework. 

A goal or objective ha* already bean defined to ba a set of desired 

system states. Without getting Into the amplrical problems associated 

with trying to determine the goals of any particular nation, it I* 

Still possible to mekc some general statements about how goals «ay 

be viewed from the vantage of artificial systems. 

In designing policies (sequences of 'u's) to achieve goals In 

the O.E., the responsible decision-making components of the I.E. must, 

In their Image of the O.E., categorise the variables and paramatars of 

the O.E. as to whether they are manipulable or non-man I pul able and 

whether chey are exogenous or endogenous: 

1. tknlpulable variables are those whose values are directly 
controllable by the given I.E. decision component. 

2. Nan-Hanipulebla variables may vary by functions of other 
variebles In the models but not directly controllable 
by I.E. decision component actions. 

3. hM— variables affect but ara not directly effected 
by the other variables in the O.E. 

k.    Endogenous variables are those which may affect other 
ver'ables and are affected by other variables In the system. 

In conceptualizing these distinctions, the following classifica- 

tion table «ay be helpful. Endogenous-man i pul able variables cannot 

exist since, by definition, endogenous variables can only be affected 

through exogenous ones. 

— —■- -— ■ 
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Table 3 

Exogenous 

Ktnipuleble Non-Henipuleble 

Generelly the 

Policy Varieble» 
? 

Endogenous 

Nona Often Used as 

Performance 

Measures 

It I» inportent that the policy-maker be aware of which 0,E. vari- 

able» he it able to directly manipulate through hit policy cholcet and 

which he it not. Yet thlt dlttlnctlon it generally overlooked by 

behavioral scientists rushing to '•explain" large percentaget of variance 

with very few variables.  In conttructing theoriet of the O.E., decitiont 

mutt be made at to which varleblet ought be included In the theory end 

which ought be excluded. Thete decitiont. In turn, suggest devising 

measures of verlebte "tlgniflcance." 

If the objective of e particular theory i: to pertlmonioutly 

describe the ••behavior" of the O.E., then e criterion for including 

or excluding a given variable such et •'proportion of verlanca explained" 

makes perfectly good tente (ettuning, of course, there are independent 

I 
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A given coftponent of th« I.E. (I.«., "th« rxfrmmnt," or  that 

portion of ttm govarrwwt which makes for.<gn policy decisions) In Mlecf 

ing foreign policy alternatives can be vl«%»ad at facing daclalon problao» 

with the following eleawnts (adapted fro« Ackoff» 1962): 

C.• an n element vector of manlpulable variables 

U - a set of values for the non-manIpuIabIa value» 

f(C ;ü) - tha image of tha O.E.; a tat of functional relations 
1      between tha elements of tha O.E. 

V - tha value to tha decision maker of implamenting alterna- 

'  tiva I 

P - m element vector of performance measures affected by 
1  implemsntation of policy alternative I 

g(P ) - objective function transforming m-performance measures 
'   into (ideally) a scalar to be maHmlied or minimized 

X. - J-element vector of policy alternatives, x 

With this notation, the following functions can be written: 

V| - ««V 
P, - f(ct;u) 

ttoreovir, the decision problem facing tha particular component of the 

I.E. can be defined. Constraints—be they political, physical, fiscal, 

etc.—rule out some policy alternative» as Infeaslble. Therefore, 

only the reduced set of feasible alternetlves Xf need be considered. 

An optimal pol Icy,'x, can then be defined es one which satisflei the 

following function (Haserovic, 1970 and Richardson and Pelsoci, 1971): 

(Vx) f g(P-)Rg(P) 
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«h«r« R It generally • relatior such as Z or <. As an illustration, 

suppose the goal is to minimize g(P|). The I.E. component Mould than 

want to select a policy alternative KJ fro« xf such that g(P^) is 

lass than or equal to g(P) for any other X|. 

Oftentimes it is extremely difficult to quantify the elements of 

P,. For exanple, suppose the elements of Pl   include political stability, 

economic development, and attitudes toward the U.S. government.  From 

a policy makers perspective, the temptation here is ro  tal*a the element 

most aasily quantified (in this case probably economic development) 

and attwrpt to maximize (minimize) it with the hope the others will 

follow along. Thus tha motto "hard data drive out soft," Oftantimas, 

however, yielding .0 this temptation can have disastrous long-term 

consequences in tha case whar«, over some interval, incroasas in economic 

development load to a decrease in stability which in turn encourages 

hostility toward tha U.S. A policy maker who siaply optimized on 

economic development might soon be confronted with a rapidly deteriora- 

ting situation. 

Onca P,f C,, and f(C ,ü) ara developed, tha problem bacomas ona of 

defining tha objective function g(P|). In classical optimization prob- 

lems, g(P.) maps P, (an nralamant vector) into a single value (a scalar), 

in many economic applications, for example, g(P) is simply tha sum of 

tha dollar cost of tha components of P| and tha goal is to minimize g(P) 

thereby minimizing total cost. However in many political applications 

there does not seem to exist a single dimension into which tha elements 

ft^M^MUMMMMi 
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Of  P. can be mapped.  For ex*rple, there it no clear May to idd dollars 

and political prastlga. Therefore, Instead of facing a scalar optimiza- 

tion probten, the political policy maker often faces what has been 

termed a wctor maximization problem (Gaoffrian, 1968). Satisfactory 

analytical solutions to most varieties of vector optimization problems 

are still non-exijtant. 

Another aspect of the I.E. decision problem can bast be viewed In 

terms of the concepts developed by Mesarovic, Macko, and Takahara 

(1970). One of their concerns is with the designing of controllers 

for coupled subsystems. Coupled subsystems may be thought of as those 

in which changes in one subsystem may force changes in the other sub- 

system. The subsystems are in some way linked, if the O.E. of a govern- 

ment is seen as everything external to the government, then two sub- 

systems of the O.E. might be the domestic subsystem end the international 

subsystem. Since changes in one can» under certain conditional generate 

changes in the other, the two subsystems are coupled. A precise defini- 

tion of coupling cen be given in terms of properties of the matrices of 

coefficients of the subsystems, but in the context of this discussion, 

little if anything would h* gained by such precision. Simon and Ando 

(1961) provide an interesting formal analysis of some aspects of coupling 

for those who would like e more rigorous approach. 

Suppose, for illustration, that the O.E. is decomposed into en 

international and a domestic subsystem as in Figure 8. 

11 unmit^^KKt --■  --'   
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O.E. 

Dornest'c 

* 

Internation«1 

A| 

s 

Figur« 0 

Th« O.E.  Is «nclos«d by dott«d liiwc, «nd th« I in«« connecting th« two 

subsyttee«   represent th« coupling.     In designing «n I.E.  ctructur« to 

achieve go«!» In this O.E.,  it  Is nk«ly th«tt sine« lnt«rn«tlon«l 

problems «r« generally   rather different   than domestic ones,   two "organi- 

zations" Mould be built   into th«  I.E.    These "organizations" might  be 

th« Ministry of Domestic Aff«irs «nd th« Ministry of For«ign Affairs. 

Suppose furthsr th«t th« only way either Ministry c«n «ff«ct th« sub- 

syst«m It   Is concerned with is by spending politic«!  power  units. 

Lastly,   ignoring th«  interface problem by assuming  there  is no  Inter- 

face problem «nd th«t ^ is observed directly «nd «ccurat«ly).   r«sults 

In what  is pictured  in Figur« 9. 

Ministry 
of domes- 
tic Affairs 

Ministry 
of For«igo 
Affairs 

wd 

Ooewstic 
Subsystem 

Internatlono I 
Subsystem 

Figur« 9 
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In the CAM of the Mini it ry of Dornest tc Affair« (HDA), power unit» (Pj) 

expended in the domestic »ub-syttem increase domestic setisfactlon (S) 

according to the equation: 

(I) S - Pd - 2«d. 

The W. In (I) It the Interaction term representing the effect of changes 

in the international sub-system upon S. It will Se specified further 

in equation (ill). The Ministry of Foreign Affairs (MFA) ex;hengas 

'■ts power units (Pf) for national defense (K) according to the following: 

(il) K- 2Pf - Wf 

Again, Wf represents how changes In the International sub-system affect 

the domestic sub-system. These interactions are: 

(III) W - S - I/2P 
d        ■ 

(ly) Wf - K - I/2Pf 

Suppose the goal of the I.E. to move the O.E. to where K - I and S ■ I. 

If K or S Is smaller than I, It greatly Increases the likelihood the 

government wilt fall out of power while values greater than 1 would 

signify a waste of power units* With this goal in mind, the sub-goals 

for the MOA and MFA would look as follows: 

(v) MFA goal: minimize CP,2 + 2(K-1)Z) 

(vl) MDA goal: minimize CPJ + (S-I)2) 

And the overall I.E. goal then Is to minimize the sum of the deviations 

from the sub-goals: 

(vil) I.E. goal: minimize 0*? ♦ P? ♦ 2(K-I)2 ♦ (S-l)20 
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Suppose now the i.E.'s in«g« of the O.E. ignores the coupling 

and assumes contrary to aquations (i) and (ii) that the international 

and domestic processes ere completely uncoupled, that is, 

(!•) $ - Pd and, 

(II•) * - 2Pf 

If the imege Is thet described by (I»)  end (ii1) ebove, then it can be 

shown that the values of P    and Pf which best approach the sub~goal 

with a mlnlmun expenditure are P    -  1/2 end P. - k/S.    When put Into 
a v 

equation (vil) (which may bethought of es en overall performance 

evaluation function), these values of Pd and Pf produce a value for 

(vii) of 4.09. 

An Important question then is, how much does ignoring the coupling 

cost the I.E.7 It is at this point that the work of Mssarovlc, ftt ^l« 

becomes relevant. They demonstrate that by putting a controller over 

the HOA and the HFA es In Figure 8 end by taking Into account the coupling 

this super-controller can, through proper coordination of the MOA and 

the NFA, Increase the overell performance of the I.E. from <*.09 to 

.088 (where the lower the score the batter the performance). 

I.E. 

• 
• Coordination Super 

Controller 
Coordination 

• 
i 

• 
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• 
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Figure 10 
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0«p«ndlng upon the dimensions of the powaiVMtUfactlon, »nd defense 

units, the system cost of Ignoring the coupi:..g can be very high. Further 

examples of this type can be found in Meaarovlc, at ^l,. (1970) and 

Bailey end Holt (1971). 

This illustration demonstrates once agein how interdependent are 

goals. I.E. structures (including the image) and the O.E. Host ell 

I.E.'s Mill have a structure similar to thet of Figure 10» that Is, 

the elements of the I.E. will be arranged hlarerchlcally. Hiererchy 

here means "...a system thet is composed of interrelated sub-systems, 

each of the letter being, in turn, hierarchic in structure until we 

reech some i(**ist level of elementary sub-system." (Simon (1969), p. 

87) Hasarovlc, till. (1970, p. 22) suggest some reasons why we find 

multi-goal systems so often arranged in e hierarchical fashion: 

"...the overall goal of the organization which reflects the ourpose 

of the orgenizetlon as a whole Is broken down into a sequence of sub- 
« 

goals, so thet the solution of the overall goal is repleced by the 

solution of the family of sub-goals." 

However, as has been seen, specialization brings with it the prob- 

lem of coordination. If each specialized utk is allowed to act inde- 

pendently end the various tasks are not completely uncoupled, resources 

will be used inefficiently and the nation will perform et e much lower 

level then it might otherwise. The first step in attempting to solve 

the cocrdinetion problem Is to piece more general unit* over the special- 

ized units, thereby permitting the nation to operate as effectively as 

L 
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possible. This Is the procedure which was illustrated In the previous 

exarple.  Figur« 6 then represents « two-level, hierarchic«! structure. 

In this diagram the upward arrow» refer to Information and the down- 

ward arrows to coordination controls. The hierarchical, multilevel 

structure greatly reduce» the amount of Information which must ba 

digested by any one group. As ona moves up In level, the detail of Infor- 

mation concerning each goal Is reduced, thus el lowing more goal» to be 

considered et once. This increase in the number of goals presents 

significant probleme to the decision makers ettemptlng to Implement 

them end to evaluate performance in achieving them, in order to 

discuss these difficulties. It is necessary to first be mote explicit 

about son» of the other elements in the problem structure. 

The I.E. may be thought of es facing a decision es to what Inputs 

(u's) It ought to send Into the O.E. to best move or retain the system 

In e desired stete. The inputs are chosen by the I.E. on the basis of 

Its Image of the dynamics of the O.E. The decision problem Is then 

defined by the goals, the interfaces, and the Image. There are several 

ways the I.E. can modify Its decision problem. 

For exemple. It cen change the image so that goals which previous Iv 

looked unattainable now look attainable. Or, the I.E. cen modify Its 

goals In e way to make them attalneble given the present image. It 

is in this way that goels cen become changed or the structure of the 

I.E. cen become modified. Third, it can construct new interfaces 

which el low the implementation of policies which previously were not 

-     
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"After suffering initiel »etback» th«y woul<* Ue low for en ULtmnimt 

period, gether date, analyze «xpArience, develop, test, and adapt new 

Strategie», ihan plan and prepare carefully before launching than 

(1972. 120)." 

The U.S., however, monltered "anany" strength through Its field 

commander» Mho in turn equeted frequency of enemy contact with eneiry 

strength.  If the enemy it strong, the reasoning want, than it will 

fight. If it Is quiet, than it must be weak.  Based on these reports» 

the tendency was always for the President to view his policy changes 

as a "success11 which of course lad to the periods of optimism and 

goal change discussed earlier. However, the U.S. observation inter- 

face was bad. Decreased contact did not mean a weakened enem/ and, 

indeed, the periods of greatest crisis came at the times of highest 

U.S. optimism. 

if policy outputs are to have any effect upon toe O.E., the I.E. 

must have some way to get them into the 0.E, This is done through 

the access interface. A task of the inner environment mey often be the 

building of this inter "ace prior to generating some other set of policy 

outputs. Thus a nation desiring to institute sonu land tax program besed 

upon crop yield must first build an observation interface through which 

they can fairly accurately monitor crop production. It also must create 

some sort of access interface which will enable it to collect the taxes 

due it. Certain kinds of tex programs are often pursued in certain 

O.E.'s because, though they may have a slightly lower yield then other 

1 
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feasible policies, of the MS« of  interfacing tham with the O.E.    An 

exanpl« in many U.S.   states  it the sales tax where the Initial  collection 

is made by already axlsting merchants and the amount collected it "naturally'1 

controlled by sales volume. 

Indeed,  it may often be the only way for a government to achieve 

itt goals it through the construction of now Interfaces or the modifi- 

cation of old ones.    The currant controversy over wage-price controls 

in the United States may be seen as a debate on what accatt points the 

government requires  In the O.E.  if It  it to achieve certein social 

and economic objectives 

Thus far little attention hat bean paid to the international 

system—the O.E. —In which the national  system—the  I.E.—It attempting 

to achieve itt goals.     In light of last chapter's extended discussion 

of coRptaxtty, a first question might be, "Is It possible to construct 

an I.E. which is capable of adapting to any O.E. whatsoever?"    Clearly 

If such universal adaptive structures can be shown to exist (in the 

mathematical sense of exist)» then effort ought to be expended to trans- 

late a description of this structure Into political  terms. 

Ibre specifically,  in political science terms, this question might 

be rephrased as "Is It possible to construct a government (I.E.) which 

is capable of adapting (maintaining state variables within specified 

limits)  to any foreign or domestic environments (O.E.)  it might be 

required to deal with?"   Since such "universal governments" by definition 

can adapt to any O.E.» the existence of such governments would greatly 
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r©duc« n—d%  to «cqulr« knowloög« of spociflc O.C.s. Howavor, the noxt 

Theorem (due to Gold (196$, 1970) Mill »how that tuch unlvorMl »dep- 

tort ere inpoitlble. 

To «eke the proble« finpler to conceptualize (but no lets general), 

consider artificial fcvtteo* whote access interface, observation inter- 

face and O.E. iaaga «re perfect. That it to say, that the I.E. can 

observe anythino It chooses in the O.E. directly end without error, that 

It can put In "policies" exactly where, whan and how it intends, end 

its image of the O.E. is (subject to certain constraints which will 

become clear) the O.E. Itself. Thus the artificial systa« mey be 

represented in its "reduced" structure as falloMi: 

1 
I.E. 

1 /k 

L. 
O.E. 

"Reduced" Artificial System Structure 

Adaptation generally entails some sort of over time behevior end we can 

choose e time meesure which Is quantized (i.e. jumps from one unit to 

the next rather than being continuous) end has a finite starting 

point: 

t " I, 2, 3» <*, ... 

At each time point, the I.E. sends control outputs (u) Into the O.E. 
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The»« ü V«IUM can h« thought of as »oing choMn from MM ft nit« 

alphabet U. Further, at each time point the O.E. receives if^utt (5) 

from the O.E. The £ vector may bj thought of as consisting of two 

coaponants. The first, £, are performance measures (e.g. level of 

satisfaction, etc.) and the second, X* ar* (nonperformnce) information 

about the O.E. The values of £ «re expressed in a finite alphabet p 

and the value» of J. in e finite alphabet I. (Those three alphabets 

need not be different, only distinguishable). Thus: 

Mt *    « 

Again, without significant loss of generality, assume each of these 

alphabets to be coded as real numbers. 

An inner environment can then be said to be adaptive if It is able 

to choose sequences 01 ut in such a way as to bring and maintain 0 within 

»pacified.limits* Note that, the goal is simply to bring £ Into sooe 

desired interval. The L values tl^Iy give the I.E. Information about 

the process but do not themselves enter Jirectly into the I.E.'s object Ive(s)l 

Still, howr er, the problem as posed does not have enough structure to 

be solved. Hore must be said about what kinds of O.E.s and I.E.s ate 

being examined. A way of acconpl ishing this is to limit the class of 

possible I.E.s to those which have a finite number of states (that is, 

the I.E. at any point In time can only be in one of a finite number 

of states where state I» used in precisely the same senae a*  «ariier 

\ 
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•nd th« ctM« of O.E. to th« do»« of flnito «utoMt« (u* Holt ond 

RIchtrdsOA (I9_).    Th« probla« thon b^omtl    "I. ttoro • uflJwt.l 

I.I. which Mill «taf* to «ny (flnito «uto^to^ O.E.t   P4r«phro»lii9 

Gold (1971)•  It CM bo prov«n: 

f*r iff I.E.  (flnito «ttto), thoro oxlttt • flnito »toto 
O.E.    fuch chot tho I.E. «Ml •Iwty« boh^c In • strongly 
worst w*y. 

In tho .rgu-ont which follows, on «IpN^  »• ^flnod ss • • 30- 

e^ty sot of root number» and whoro A Is tho olph^t, A* slflnlfios 

tho sot of flnito strips of olo-wts In A.    Tho throo slph^ts ws 

will bo roforrlng to oro U (policy outputs fro« tho I.E.). P (por- 

formsne« inputs fro- tho O.E.) ond i  (infon^tion Inputs fro- th* O.E.). 

Thus: 

O.E. 

Tho O.E. con bo thought of M • function 0, fro« Ü* to I togothor with 

• function 0 fro« U» to P. In othor words, tho outputs of tho I.E. 

(Ü») dotonnino I «nd P for tho O.E. Thot Is, wo con soy tho I.E. ond 

O.E. oro llnkod. Tho I.E. thon is • function E fro« (I X P)* to Ü. 

Tho outputs (U) of tho I.E. oro dotormlnod by tho polrs of I ond p 

voluos gonor«tod by tho O.E. (In rosponso to provious u's). Horo 

fonwlly: 
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Op:    ü*_)P 

C:     (I X P)* .)u 

Th«M  function« will   rttult   In the  following  sequence»: 

't ' 0I   (ul» "2»  **)»  •••ut-|) 

Pt " 0«  K» p    'V V u3 • • ..Vi1 

«t - t (I,, p,;  l2. p2;  l3, pj; ...lt-|, pt-|) 

Th« sequenc« of  I.E. output« u,,  MU.#.lf0  as b»for«,  called the behavior 

of the   I.E.     With this vocabulary,   strongly worst  behavior can be de- 

fined.    Suppose the tot of P values It binary: 

P-  {o. 1^ 

P - 0 might be interpreted as undesirable and p - I at desi able. A 

itronglv wpfft behavior string, Bw, results ift 

1) Por the behavior string p - 0 for all t but, 
2) for any behavior string differing from B* at any lime, 

Pt ■ I for all succeed!nq timet regardless of future 
values of u . 

In other words, a behavior It strongly worst If It results in the 

lowest possible value of pt for all t and any other behavior would ra- 

tult in the highest possible value of pt for all t. Certainly an I.E. 

which behevet In ■ strongly worst manner it not behaving adaptively 

no matter how wide a range it put on "acceptable limitt." Thus if It 

can be proven that given any finite ttata I.E., a finlta ttata O.E. 

can always be constructed toward which the I.E. will behave in a 

strongly worst manner. It will have been proven that there exittt no 

universal   I.E. 
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Suppose that the O.E. sends out a constant value of i for all t: 

I ■ I for all t 
t 

Thus th« values of I «ra "IndaparMJanf of tha bahsvlor of tha 1.E, When 

i - i and p - 0 for all t, let the I.E. pass through States S|, s2, 

s..,. producing outputs o.,o,o....Since, by essumptlon, the I.E. has 

a finite number of stetes, It will flnelly heve to repeet e stete. 

Let s ♦  be the first repeated state of the sequence s ♦•_•_» 
n  | ^ n • ■ • 

where m <n. Then by assumption ut must have the seme period thereby 

yielding o    - o . Let tht O.E. have n + I states $ , S , ... 

S such that the O.E. Is In SQ, It will send back p ■ I; all other 
n t 

O.E. states will send back pt - 0. Ut Sj be the Initial (at t • I) 

state of the O.E. Flneily then we cen specify the stete transformation 

rules of the O.E. es follows: (where \ may be read as 

Vnoves to") 

(I) S, 

(•0 Sj. 

(UD s 
J- 

S- for ell u 
0        t 

Sj ♦ , If ut - ot 

S0 If ut ^ ot 

where J • 1, 2, ...n end Sn ♦.■$„, 

For example, If the O.E. Is In Stete S end receives an Input ut f* ot. 

It will move to S. and remain there for ell future time regardless of 

future values of u . This yields e constructive proof that. If the 

O.E. Is el lowed to have es few as one more state then the I.E., an 

O.E. toward which the I.E. will beheve In a stroncly worst menner will 

always exist. 

»*w 
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An «MMpU night moka thl« «or« cl«ar.    Suppose n - 3 (that I», the 

number of  I.E«  State» equals 3).    At t • I: 

1 

I 

O.E. i 
I 

£ 

0 

not Since the O.E.   It not  In SQ, p. • 0.    Further,  tinea u    "0    did 
I I   I 

result in a desirable value of p|f the I.E. will «ova to another »tote: 

i 

I 

2 

» 
i 

O.E, 

$l 

1 

I 

I 

Jl 

o. 

£ 

0 

0 

Again, u ■ o produces an undesirable value of p. and. because u - o , 
2   2 2 2   2 

the O.E. moved Into State S at specified by transition rule (il). Time 

Jyyleldt the results: 

1    "I 
2 

3 

2 

53 

S| 

S2 

S3 

i 

1 

i 

i 

M 

O. 

£ 

0 

0 

0 

The I.E. hot now exhausted its states. Suppose it moves back again to 

S (I.e., m - I) thereby again going through the cycle. Hare, then, It 

an example of Kiw an O.E. with one more ttata than a given I.E. can always 

be constructed to that the I.E. will behave In a strongly worst mannar. 

This theorem proves that given an I.E.« there will always osist »n 

O.E. which I» cotplex relative to that I.E. (complex In the seote of 

having more state») In which the I.E. will be unable to behave adaptive- 

ly (no matter how weakly "adaptlvely" It defined). Additional theorems 
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hav« b««n prov«n (Gold, »966, 1971) to d«ion*trat« that «van for teams 

of adaptors utilising various stratagias« there axist environments for 

which they will behave in a strongly worse manner. 

The iaport of these results to political theory Is not altogether 

clear. That there aKist (in the mathematical sense) complex outer envl- 

ronmenr in which any given Inner environment will behave in a stilly 

worst manner, is not, of course, to demonstrate that the particular outer 

environments in which national systems are located are of this type.  It 

would seem plausible, however, at least that the outer environment of 

any national system has more system-states than does the national system 

itsalf. This is «spacially conpalling if the national system is seen to 

be e part of its own O.E. At the very least, these results suggest that 

in designing governments. It is probably futile to attempt to construct a 

government which is capable of adapting to all O.E.'s. Instead careful 

study should be given to classifying the range of O.E.s.likely to be 

encountered by the government. 

Ä^l 
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Section V:  Corplexlty and the Internat ion« 1 System 

On« w«y of classifying O.E.s might be in tarn« of their complexity 

relative to a given I.E. As was arguad elsewhere (Tnorson, 1972) 

the notion of cuaplaxity involves enormous analytic, conceptual and 

ampirlcal problems.  However, regardless of these difficulties, 

complexity has th« advantage of being in part contingent upon national 

system structure and of fitting in nicely with some aspects of organi- 

zation theory. Th« utility of these characteristics should become 

more apparent in th« ensuing discussion. 

While It seemed to make intuitive sense to argue that some systems 

(e.g., O.E.s) era Inherently more complex than others,such a "non- 

contingent" view of complexity often leads to more problems than it 

resolves. What seams to be true Is that no satisfactory definition of 

the complexity of en environment cen be given independent of th« class 

of systems "operating" in that environment. The reason for this is that 

the system can be so designed as to remove some of the "intuitive 

complexity" from th« environment. For exempt«, many living species 

may well be feeing a lass complex environment now than they did 

thousands of years «go. Through «volition many of the common relational 

Structures have bean "pre-programmed" Into the humen brein. The brain 

has developed in such a way es to operete extremely effectively in an 

environment of thr«« dimensions, fest response times (th« time It 

t«k«8 for th« environment to respond to exiarnal stimuli), end few 

relevant variables.  This pre-programming of co-nplexlty through «VOiutlon 
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or design nay Mall be a key to any system's operating adaptivaly in a 

seemingly complex environment. 

What of the International political system (a foreign policy 

maker's O.E.)? It is doubtful that the international political system 

is of the thraa dimensional, fast response time, and few relevent 

variable type.  Indeed, the "high order, multiple loop, non-linear 

/eedbeck structure" discussed by Forrester (1969) Mould seem to be 

far more descriptive of the international system: 

It has baconm clear that complex systems are counter- 
intuitive. That is, they give Indications that suggest 
corrective action which will often be ineffective or even 
edverse in Its results. Vary often one finds that the 
policies that have been adopted for correcting a diffi- 
culty era actually Intensifying it rether than producing 
a solution. 

Choosing an ineffective or detrimental policy for 
coping with e complex system is not a matter of ran- 
dom choice. The intuitive processes Mill select the 
wrong solution much more often than not. A complex 
system—a class to which a corporation, a city, an econ- 
omy, or government belong—beheves in many Mays quite 
the opposite of the simple systems from which we have 
gained our experience. 

Most of our intuitive responses have been developed in 
the context of what ere technically called first-order 
negative-feedback loops.  Such a simple loop is gosl- 
seeking end has only one important state variable. For 
example, warming one's hands beside a stove can be 
approximated as a first-order, negative-feedback loop 
in which the purpose of the process Is to obtain Marmtn 
without burning one's hands. The principal state verl- 
abla of the loop Is the distance from the stove. If one •. 
Is too close he burns his hand. If too far away he re- 
ceives little heat. The intuitive Wesson is that cause 
and effect are closely related in time and space. Tem- 
perature depends on the distance from the stove. Too 
much or too little heat Is clearly related to the 

«■HfllEM __ 
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position of the hands.  The relation of  cause and effect 
is immediate and clear. Similarly, the simple feedback 
loops Chat govern walking, driving a car, or picking 
things up all train us to find cause and effect occurring 
et approximately the same moment and location. 

But In complex systems cause and effect are often not closely 
related in either time or space. The structure of a coirplex 
system is not a simple feedbeck loop where one system state 
dominates the behavior. The complex system is of high order, 
meaning that there are many system states (or levels). It 
usually combines positive*feedback loops describing growth 
processes as well as negative, goal-seeking loops.  In the 
complex system the ceuse of a difficulty may lie fer beck 
in time from the symptoms, or in a completely different 
and remote part of the system.  In fact, causes are usually 
found, not in prior events, but in the structure and policies 
of the system. 

To make matters still worse, the complex system is even more 
deceptive than merely hiding causes.  In the complex system, 
when we look for a cause near in time and space to a symptom, 
we Msuelly find what appears to be a plausible cause. But 
It is usually not the cause. The complex system presents 
apparent causes that are in fact coincident symptoms. The 
high degree of time correlation between variables in complex 
systems can lead us to make cause-and-effeet associations 
between variables that are simply moving together as part 
of the totel dynamic behavic of the system. Conditioned 
by our training in simple sys ems, we apply the same intui- 
tion to complex systems and are led into error. As a result, 
we treat symptoms, not ceuses. The outcomi lies between 
ineffective end detrimantel. 

Actions directed at individual nations often have indirect end 

unforseen consequences. Sometimes these consequences take years and 

even decades to make themselves known. Solutions to specific probUms 

often result in making things worse rather than better»  In short, 

nations1 foreign policy responses often have not been well selected. 

This poor selection may stem partly from man's proclivity to look in 

the international environment for kinds of relational structures of 

encounters in his day to dey experience. 

. 
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Th« conploxity of the international environment Is In p«rt dopen- 

dsnt upon the »tructur« and goals of the national systam which is 

ettenpting to deal with It. Thus olffarant national systems may view 

• glvan international environment as raora or lass conplex.  It Is, 

howavar. possible to identify some characteristics to look for In 

anvironmants: 

(0 Tha nunbar of relevant variables. In general, th , greater 
the number of relevant variables, the more comle. the 
environment. 

(2) The response time of the environment. In general, the 
longer it takes for en environment to respond to foreign 
Policy inputs, the more complex It is. 

(3) Amount of randomness In the environment. Here the con- 
cern is with how much variance Is associated with the 
response of the International environment to a given 
foreign policy Input from a given national system. 
The greater the variance, the greater the randomness. 
In general, the greater the randomness, the more com- 
plex the Imernational environment. 

With relatively f«* additional assumptions, these notions can be 

used to derive a number of qualitative proposition- relating the com- 

plexity of the international systam (O.E.) to the foreign policy re- 

sponses of an adaptive national system (I.E.). While tha deviation 

of these propositions is outside tha scope of this chapter, one such 

proposition will be derived as an example of the procedure which might 

be employed. 

It has been assumed that a national system generates foreign 

policy outputs in a way designed to achieve certain goals. These goals 

may be thought of as desired system states.  It was noted that outputs 
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I 

By a correct foreign policy It it meant • foraign policy output which 

will rejulr In Mating some well-defined goal, !••., an adaptive behavior. 

In some rasas there nay be more than one correct choice. The curve of 

Figure II will still hold. What Figure 11 is saying is that, in general, 

the probability of • correct choice increases with the number of trials. 

Hora specifically, it will be assumed that the particular learn- 

ing mechanism will be one similar to that described by Normen (1964) 

and that the foreign policy responses generated by the >.C. are made 

on the basis of information gained from previous respcnsas In situations 

deemed similar. It Is further assumed that there exists an optimal 

policy (In the sense defined eerlier), and It Is the ftatk of the KE. 

to identify end implement this policy. (This formulation ignores 

Simon's (1957) claim that large-scale organizations will often exhibit 

"satIsficing" rather than optimizing behavior)! 

The probability of the I.E. choosinc e sub-optimel policy will be 

some number "q" where 0 «. q O. In describing foreign policy behavior, 

the task then becomes to relate the value of "q" on one trial to that 

of "q" on another. A trie! is simply a perception on the pert of 

the I.E. of e decision problem together with the I.E. policy response 

to that decision problem.  In psychologies! terms, the perception of 

a decision problem corresponds to the stimulus end the chosen policy 

as the response. 

In e theory cf I.E. policy selection, ell those trials in which the 

relevant component of the I.E. perceives the decision problem In e 
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sinllar way can be treated a» «n equivalence class of events (trial«). 

It It responses to trials which .«long to the same equivalence class 

that the theory will attaapt to describe. Again, In the vocabulary of 

learning theory all trials which have "slaMar" stimuli will ba con- 

sidered to ba in the same equivalence class independent of the I.E.'s 

selected policy response. 

Mith the help of the preceeding vocabulary, the specific leernlng 

mechanism being posited can ba described more rigorously. On each 

trial "n". tha I.E. will respond with a sub-optimal policy with a.proba- 

bility "q " and with an optimal policy with a probability "P " where, of 
n n 

course; (6) PM - l-qf n   'n 

On any given trial, tha I.E. may or may not learn from Its response hew 

to usttar respond on the next trial. This will ba represented by a 

random variable "y " which will equal one if learning took place on 
n 

trial V and xaro if no learning took place. Further, the probability 

»hat learning takes placo on any trial will be represented by "c.M 

Thus: 

M, with probability c 

(7) y - | 0, vith probability 1-c 

^where o £ c < I 

Tha main axiom describing this learning mechanism describes the relation 

between the probability of selecting a sub-optimal policy on one trial 

and that of selecting a sub-optimal policy on tha succeeding trial. 

It can ba stated in a single difference equation: 
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Error Curv« When: ol • .6    c • 1.0    qj - 1.0 
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Trial  Number (n) 
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Sine« ••y(|
H will equal either zero or one, th« abov« dJffarance «quation 

can be »piIt into two oquationt; 

(9) q 
(ocqn, with probability c 

nH 
q . with probability l-c 

Equation (8) [or» »quival mtly» aquation (9)1 simply provides a rula 

by which cha ratult of one trial affects the probability of selecting 

a sub-optimal policy on tha ne- t.  More specifically, it states that 

each successive "increnent of learning" Is smaller than tha previous 

on» (unl»»» c'l and-S - 0) In which case "all or nooe" learning takes 

place and the probability of saloctlng • »ub-optim»l policy 90»» to 

zero •» soon »» any learning takes place. 

The behavior described by (8) I» Illustrated in Figure 12.  Here 

"q," (the probability of selecting » sub-optimal policy on the flr»t 

triel) I» 1.0, "cV" I» 0.6 end "c" Is 1.0. Notice the downward »loping 

(at e decreesing rete) error curve approaching  "qn" equal to zero es 

an asymptote. It can be seen in equation (8) that, ell ether things 

being equal, the smaller the value of '^ "( the faster the rate of learn- 

ing (i.e., the fester the value of "q" decreases). 

More iinportently, en inspection of (8) reveels that the equation 

has two parameters, "c" end 'S<". This feet can be used to solve (8) 

for various statistics in terms of "rjj[" end "c". For our purposes two 

of the most inportent stet I sties ere the expected number of sub-optimal 
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restons«! in an Infinit« number of trailsvE(T)' and the variance about 

the expected total number of sub-optimal risponsas ,var (T). Equations 

In terms of "c", "•,, and "q " for these two statistics can be derived 

from (0) above (for the derivations of these as well as other statistics 

if  Norman (1961*) to yield: 
0 do] 

(i 

2 ♦ ( c+ l-c) D) E(T) -Jj  -       ' ♦ ( c+ l-c)  ♦    -* 
TTPT f  2 qi   ;   ,  M(T)I 

I) var (T) - E(Y) ll ♦ Oj V      c(l- 2) I J 

If there Is no additional Information, "q " Is generally thought to 

equal (I -7) where "r" Is the number of alternative policies and 

(since the I.E. has no additional information) the I.E. must simply 

select one "at random." From (10) it Is clear t.at («H other things being 

equal) as "q" gets larger, E(T) gats larrer. That is, under the 

posited learning mechanism the larger the initial probability of select- 

ing a sub-optimal policy, the greater will he the expected total number of 

sub-optimal policies which will be selected. 

Based upon the previous d I scuts ion, it can be said that with respect 

to a fixed I.E., and a given decision problem, O.E. becomes more complex 

ft It becomes more "difficult" for the I.E. to respond with an optimef 

policy. Horrover, the learning mechanism described above permits an 

unambiguous (though not necessarily unobjectionable) index of the diffi- 

culty of a decision problem —• the greater tlte value of E(T) for a given 

decision problem the oreater the difficulty of that decision problem. 

As has been seen, E(T) Is dependent upon "q ", "c" and Mi" and will In- 

crease With decreases in "q " or "c" or increases In "<". 
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In most Instances t: c values "qj" and " X" (the laarning rate parameter) 

would seem to be dependent upon the structuring of the I.E. T'ttk .ay 

not be the case with "c." In terms of the ttworem proved earlier 

concerning the impossibility of a universal adaptor, "c" reflects the 

probability that performanci Information In £t will be used in such a 

way as to decrement the value of qt on the next trial (It would be 

interesting to change the learning mechanism to allow Informatio. to be 

utilized in such a way as to actually increment the value of qt 
r : 

lr some kinds of hypothesis learning!). As the value of "c" decreases, 

both E(T) and var(T) Increase dramatically as can be seen in fable k. 

Table k 

Values of E(T)  and var  (T)   for selected values of "c" 
fq, • .667, Mm .5] 

c - 1.0 

c - 0.5 

c ■ 0.1 

E(T) 

1.33 

2.0 

13.3^ 

var(T) 

3.3*» 

The parameter "c" might be  interpreted as being the probability 

that the O.E. will  smd a "usable" (I.e., one that enables  learning 

to take place)  performance  responte to the  I.E.    The greater the value 

of •'c" the fewer the expected total  number of sub-optimal  policy outputs 

end the smaller will  be the variai.t.c about this expectation.     In general, 

it would be thought that sub-optimal   policies would  (assuming an effec- 

tive access and observation  interface)  be followed by an 0.E,  response 

indicating "low" performance and the value of "c" w jld be very high. 
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However, If tliere Is considerable randomness in the O.E. this need not 

be the case as the performance response o.' the O.E. to equivalent policy 

Inputs Mould not be deterministic, but rather would be governed by some 

probability function. The probability that effective ••.arnlng would 

take place on any given trail (c) wouU generally decrease as the ren- 

domness in the O.E. increases. 

It seems plausible to argue that as the randomness of the O.E. 

Increases its complexity will either remain the same (if the increased 

randomness does not affect the particular decision problem being 

studied) or Increase (if the Increased randomness does affect the 

decision problem).  In the rest of this paper "increased randomness" 

will refer only to the later case where the particular decision problem 

of Interest is affected. With this restriction on the use of "increased 

randomness," it seems that Increases in the randomness will increase the 

complexity of the O.E. by decreasing the value of "c." 

If this be so, a proposition relating changes In the complexity of 

the O.E. to the variance ,var(T)' of the O.E.'s foreign policy behavior 

immediately follows (It will be assumed that the Interfaces are constant 

and effective enough t0 fond]«  the outputs generated and to adequtely 

observe their effects.) 

Propositiont The more rendomness In the International environment, 

(O.E.) the greater will be the overtime variance lvar(T): In a national 

system's foreign policy outputs. 

-■-■ 
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Thlt proposition asserts that when »  given policy output does not 

heve the s«« effect upon the environment, the nation«I system moves 

fro« policy to policy In en attempt to find J correct one. Supposing 

there is e correct response, the randomness in the environment aey, et 

times, have the effect of making a "correct" choice appear incorrect. 

Thus it will take more trials to learn the correct response and there 

Mill be considerable movement about the set of possible responses. 

The result of this will be to make the national system operating in such 

an environment appear to have a vacillating or ineonsU.ant foreign 

policy. An exemple of this might be U.S. foreign eid policy since 

World War II. Here the U.S. appears unable to decide whether foreign 

aid should take the form of Urge amounts of dollars or tewhnicel 

assistance. One could argue that this vacillation is the result of 

not getting similar environmental responses from policy outputs which 

were thought to be the seme. Thus the U.S. cannot decide between 

big money and technical assistance. 

The derivation of this proposition under the particular learning 

mechanism being posited should be clear from the earlier discussion. 

Increasing the randomness in the O.E. results in decreasing "c" and as 

"c" decreases, var(T) Increases (see Table k  for e numerical exanple). 

While there are a number of other propositions which could be made 

relating the conplexity of the environment to national foreign policy 

behavior, it is Important to mention some possible effects of the 

interface on foreign policy outputs. 
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In view of these foN prnpotltIn««. c*rt«ln f<">**9« poUjsy »tretogl^S 

becotr« apparent. For example, if the environment Is fairly random, a 

nation wanting to meet some goel might first try to structure the environ- 

ment to make It more predictable. This notion is implicit in British 

foreign policy In the 19th century. Further, Alger (1961) has »peculated 

that one of the effects of the United Nations Is to make the world mora 

predictable. This In turn means national policies can be more consistent. 

Conversely, a national system which was a part of another national 

system's international environment might want to make its responses 

somewhat random to force the second nation into adopting an Inconsis- 

tent policy towerd it. Thus, for certain purposes a nation might want 

to increase the randomness in the international system. 

Certainly none of the propositions which have been made are "new" 

to the study of foreign policy. They can be found, in various forms, 

throughout the literature. However, that they follow from the fremework 

developed in this paper is of some interest. For this framework gives 

a language and a structure with which we can relate the national system 

to Its international environment. Relatively few propositions have been 

presented of the many that could have been. The purpose, however, of 

this paper hes not been to introduce propositions, but to sketch e 

unified perspective from which to begin to theorize about a "complex" 

social phenomenon—national foreign policy behavior. 

■ 
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Summary 

If  foreign policy  behaviors  are  to be viewed as  being generated by 

adaptive national  systams,  than a  language appropriate to this focus 

must be  introduced.    The concepts surrounding Simon's notion of an 

"artlflciat" systam provide one such vocabulary.    Artificial  systems 

may be thought of as a subset of general  systems ar 1 are characterized 

by  such concepts as "goals",  "Inner environments",  "outer environments", 

and "Interfaces,"   An adaptive national  system was then defined as a 

government  (I.E.) attempting to achieve goals  (maintain state variables 

within specified limits)   In an O.E. consisting of (at one level  of 

disaggregatlon)  the domestic environment and the  interactional   system. 

Several additional components of adaptive systems were mentioned and 

sama of their implications for national  systems were discussed.    The 

definition of an adaptive system was employed to prove the  impossibility 

of • universal adaptor and this  result was used to suggest thet O.E.'s 

be clessified as to their complexity with respect to a given   I.E. 

(national  systam).    An Illustrative proposition was derived utilizing 

this approach. 
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